TITLE OF THE INVENTION 



Structure for Mounting Connector on Board 

5 BACKGROUND OF THE INVENTION 

The present invention relates to a connector mounted on a 
board. 

10 A conventional connector 60 shown in Figs. 8 and 9 has a 

housing 61 and a plurality of connecting terminals 62 
extending from the housing 61. The connector 60 can be 
mounted by soldering on a wiring board 63 having a plurality 
of through holes 64, which is shown in Figs. 8 and 9. Each of 

15 the connecting terminals 62 of the connector 60 having been 
mounted on the wiring board 63 is inserted in one of the 
through holes 64 . 

The connector 60 can be used as an automobile part. The 
20 connector 60 used as an automobile part has been required to 
be smaller in size in recent years. To meet this requirement, 
there is a tendency to decrease not only for the size of the 
connecting terminal 62 but also to decrease the pitch Al 
between the adjacent connecting terminals 62. The connector 
25 60 used as an automobile part has also been required to have 
very high environment resistance, i.e., thermal shock 
resistance. This is because automobile parts are exposed to 
harsh environments, such as blazing sun and extreme cold. 

30 When the pitch Al between the adjacent connecting 

terminals 62 is decreased, it is necessary to decrease the 
size of a land 65 provided on the wiring board 63. However, 
when the connector 60 is subjected to a thermal shock, a 
decrease in the size of the land 65 easily produces a crack in 

35 a solder portion 66 in which the connecting terminal 62 
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connects with the wiring board 63. That is to say, the 
reliability of the solder portion 66 decreases. A crack is 
liable to be produced especially when the wiring board 63 on 
which the connector 60 is mounted is what is called a one side 
5 board having the land 65 only on one side (see Fig. 10) . The 
reason why the crack is produced is presumed to be that 
thermal stress is applied to the solder portion 66 by a 
difference between the coefficient of thermal expansion of the 
connecting terminal 62 and that of the wiring board 63. 
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SUMMARY OF THE INVENTION 



Accordingly, it is an objective of the present invention 
to provide a structure for mounting a connector on a board, 
15 which structure being capable of increasing the reliability of 
a joint portion between a connecting terminal and a board. 



To achieve the foregoing and other objectives and in 
accordance with the purpose of the present invention, a 

20 structure for mounting a connector on a board is provided. 

The connector includes a terminal that has a tip end portion 
and a remainder portion. The board has a receiving hole. A 
land is provided in a section of the board about the receiving 
hole. The terminal is connected to the land with at least a 

25 part of the tip end portion being located in the receiving 
hole. The ratio of the cross-sectional area of the tip end 
portion to the cross-sectional area of the receiving hole is 
at least 0.11 and no more than 0.89. 



30 Other aspects and advantages of the invention will 

become apparent from the following description, taken in 
conjunction with the accompanying drawings, illustrating by 
way of example the principles of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
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The invention, together with objects and advantages 
thereof, may best be understood by reference to the following 
description of the presently preferred embodiments together 
5 with the accompanying drawings in which: 



Fig 1 is a side view of a connector in accordance with 
one embodiment of the present invention which is mounted on a 
wiring board; 

10 Fig. 2 is a plan view of the mounted connector shown in 

Fig. 1; 

Fig. 3 is a perspective view showing a part of a 
connecting terminal for the connector shown in Fig, 1; 

Fig. 4 is a side view showing a part of the connecting 
15 terminal shown in Fig. 3; 

Fig. 5 is a sectional view showing a joint portion 
between the connecting terminal shown in Fig. 3 and a wiring 
board; 

Fig. 6 is a view taken in the direction of the arrows 
20 along the line A-A of Fig. 5; 

Fig. 7 is a graph showing strength of a joint portion 
between a connecting terminal and a wiring board in the 
example and the comparative example; 

Fig. 8 is a side view of a conventional connector mounted 
25 on a wiring board; 

Fig. 9 is a plan view of the mounted connector shown in 
Fig . 8 ; 

Fig. 10 is a sectional view showing a joint portion 
between a connecting terminal and a wiring board in 
30 comparative example; and 

Fig. 11 is a view taken in the direction of the arrows 
along the line A-A of Fig. 10. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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One embodiment of the present invention will now be 
described with reference to Figs. 1 to 7 . 

A connector 10 shown in Figs. 1 and 2 has a synthetic 
5 resin made housing 11 and a plurality of metal made connecting 
terminals 12. An opening (not shown) is formed in one side 
surface (left-hand side surface in Fig. 1) of the housing 11, 
and the connecting terminals 12 extend in an L shape from the 
surface of the housing 11, which is opposite to the surface in 

10 which the opening is formed (right-hand side surface in Fig. 
1) . That is to say, the connector 10 is what is called a 
horizontal type connector. The connecting terminals 12 are 
arranged in two rows. Each row includes ten connecting 
terminals 12. The pitch Al between the adjacent connecting 

15 terminals 12 on the same row, i.e., the center-to-center 

distance between the adjacent connecting terminals 12 is about 
2-2 mm. 

As shown in Figs. 3 and 4, a tip end portion 12a of each 
20 of the connecting terminals 12 is slenderer than a remainder 
portion of the connecting terminal 12 (the portion other than 
the tip end portion 12a) . In other words, the connecting 
terminal 12 has a thick portion 15 and a thin portion 16 
extending from the tip end of the thick portion 15. A one 
25 side surface 16a (lower surface in Fig. 4) of the thin portion 
16 is flush with a one side surface 15a (lower surface in Fig. 
4) of the corresponding thick portion 15. The connecting 
terminal 12 is formed by blanking a metallic sheet, such as a 
brass sheet, having two portions with a different thickness 
30 into a square bar shape. The metallic sheet having two 

portions with a different thickness is formed by rolling a 
part of metallic sheet having a uniform thickness. 



The cross section of the thick portion 15 is a square 
35 having a one-side length A2 of 0.025 inch (about 0.64 mm). 
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For this reason, the connector 10 is called a ^'025 connector". 
The cross section of the thin portion 16 is a rectangle having 
a first side length Bl and a second side length B2 of at least 
0.3 mm and no more than 0.5 mm. Therefore, the cross- 
5 sectional area T2 (see Fig. 6) of the thin portion 16 is at 

least 0.09 mm^ and no more than 0.25 mm^. If the length Bl, B2 
of each side is shorter than 0.3 mm, the thin portion 16 is 
difficult to manufacture- If the length Bl, B2 of each side 
is longer than 0.5 mm, the thin portion 16 is difficult to 
10 insert into a through hole 14 in a wiring board 13, described 
later. 



The connector 10 can be mounted by soldering on the 
wiring board 13 shown in Figs. 1 and 2. The wiring board 13 

15 has a plurality of receiving holes, which are through holes 14 
having a circular cross-section in this embodiment. The 
wiring board 13 is what is called a one side board. 
Specifically, as shown in Figs. 5 and 6, the wiring board 13 
has no land 17 around the through hole 14 on the surface of 

20 the wiring board 13 facing the connector 10, and has a land 17 
around the through hole 14 on the surface of the wiring board 
13 on the opposite side of the surface facing the connector 
10. 

25 When the connector 10 is solder mounted on the wiring 

board 13, the thin portion 16 of each of the connecting 
terminals 12 is inserted into one of the through holes 14 and 
is soldered to the land 17 corresponding to that through hole 
14. That is to say, the thin portion 16 of each of the 

30 connecting terminals 12 is joined to the land 17 of the 
corresponding through hole 14 by a solder portion 20. 



The through holes 14 are 
center-to-center distance of 
35 the same row is about 2.2 mm. 



arranged in two rows. The 
the adjacent through holes 14 on 
which is the same as the 



aforementioned pitch Al . The land 17 is of an annular shape, 
and the outside diameter A5 thereof is about 1.8 mm. 
Therefore, the clearance A7 between the adjacent lands 17 is 
about 0.4 mm. The inside diameter of the land 17 is equal to 
5 the diameter B4 of the through hole 14 . 

The diameter B4 of the through hole 14 is at least 0.6 mm 
and no more than 1.0 mm, preferably at least 0.75 mm and no 
more than 0.95 mm. If the diameter B4 of the through hole 14 

10 is smaller than 0.6 mm, the working accuracy of the through 
hole 14 decreases remarkably. If the diameter B4 of the 
through hole 14 is larger than 1.0 mm, a large clearance is 
liable to be produced between the through hole 14 and the thin 
portion 16 of the connecting terminal 12 inserted in the 

15 through hole 14, and additionally the size S2 of the land 17 
soldered to the thin portion 16 decreases. 

Since the outside diameter A5 of the land 17 is about 1.8 
mm, when the diameter 34 of the through hole 14 is at least 

20 0.6 mm and no more than 1.0 mm, the width A8 of the land 17 is 
at least 0.4 mm and no more than 0.6 mm, and when the diameter 
B4 of the through hole 14 is at least 0.75 mm and no more than 
0.95 mm, the width A8 of the land 17 is at least 0.43 mm and 
no more than 0.52 mm. Therefore, the land width A8 is 

25 preferably at least 0.4 mm and no more than 0.6 mm, further 
preferably at least 0.43 mm and no more than 0.52 mm. The 
ratio of the width A8 of each land 17 to the clearance A7 
between each adjacent pair of lands 17 is preferably at least 
1 and no more than 1.5. Further, the ratio of the width A8 of 

30 each land 17 to the distance between the centers of each 

adjacent pair of the through holes 14 is preferably at least 
0.18, and no more than 0.27. 



When the diameter B4 of the through hole 14 is at least 
35 0-6 mm and no more than 1.0 mm, the hole area U2 of the 
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through hole 14 is at least 0.28 mm^ and no more than 0.79 
mm^. Therefore, the ratio T2/U2 of the cross-sectional area 
T2 of the thin portion 16 to the hole area U2 of the through 
hole 14 is at least 0.11 and no more than 0.89. When the 
5 diameter B4 of the through hole 14 is at least 0.75 mm and no 
more than 0.95 mm, since the hole area U2 of the through hole 
14 is at least 0.44 mm^ and no more than 0.71 mm^, the ratio 
T2/U2 is at least 0.13 and no more than 0.57. Therefore, the 
ratio T2/U2 is preferably at least 0.11 and no more than 0.89, 
10 and further preferably at least 0.13 and no more than 0.57. 

Hereunder, the present invention will be described in 
more detail by means of example and comparative example. 

15 Example 

A connector of the example is the connector 10 shown in 
Figs. 1 and 2. However, the first side length Bl in the cross 
section of the thin portion 16 is 0.4 mm, and the second side 
length 32 is 0.45 mm. Therefore, the cross-sectional area T2 
20 of the thin portion 16 is 0.18 mm^ . 

A wiring board of the example is the wiring board 13 
shown in Figs. 1 and 2, and is a paper phenol copper-clad 
laminate (manufactured by Sumitomo Bakelite Co., Ltd.) with a 
25 thickness A3 (see Fig. 5) of 1 . 6 mm. However, the diameter B4 
of the through hole 14 is 0.8 mm. Therefore, the hole area U2 
of the through hole 14 is 0.5 mm^, the width A8 of the land 17 
is 0.5 mm, and the size S2 of the land 17 is about 2.04 mm^. 
Also, the ratio T2/U2 is 0.36. 

30 

Comparative example 

A connector of the comparative example is the connector 
60 shown in Figs. 8 to 11. However, the pitch Al between the 
adjacent connecting terminals 62 is 2.2 mm. The length of 
35 first and second sides, A2 in the cross section of the 
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connecting terminal 62 is 0,64 mm. Therefore, the cross- 
sectional area Tl of the connecting terminal 62 is 0.41 mm^. 

A wiring board of the comparative example is the wiring 
5 board 63 shown in Figs. 10 and 11. The wiring board 63 is a 
one side board having a land 65 on one side only, and has a 
plurality of through holes 64. The land 65 is provided around 
each of the through holes 64 . The diameter A4 of the through 
hole 64 is 1.2 mm, the center-to-center distance between the 

10 adjacent through holes 64 is 2.2 mm, and the outside diameter 
A5 of the land 65 is 1.8 mm. Therefore, the hole area Ul of 
the through hole 14 is 1.1 mm^, the width A8 of the land 65 is 
0.3 mm, the size SI of the land 65 is about 1.41 mm^, and the 
clearance A7 between the adjacent lands 65 is 0.4 mm. Also, 

15 the ratio Tl/Ul of the cross-sectional area Tl of the 

connecting terminal 62 to the hole area Ul of the through hole 
64 is 0.37. 

A first specimen was prepared by solder mounting the 
20 connector of the example on the wiring board of the example, 
and a second specimen was prepared by solder mounting the 
connector of the comparative example on the wiring board of 
the comparative example. In order to give thermal shocks to 
the first and second specimens, operations in which the first 
25 and second specimens were placed in a temperature atmosphere 

of -30°C for a fixed period of time, and then they were placed 
in a temperature atmosphere of +80°C for a fixed period of 
time, were repeated in 3000 or more cycles. Subsequently, in 
order to evaluate the reliability of a joint portion between 
30 the connecting terminal and the wiring board in the first and 
second specimens, the joint strength of the joint portion was 
measured and the appearance thereof was observed. 

As shown in Fig. 7, the measured joint strength was 40 to 
35 55 N for the first specimen (example) and 20 to 35 N for the 
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second specimen (comparative example) • Also, no crack was 
found in the joint portion on the first specimen (example) , 
but a crack was found in the joint portion on the second 
specimen (comparative example) . 

5 

This experimental result is presumed to be brought about 
by the fact that there is a large difference in the size of a 
portion of wiring board to which the connecting terminal is 
soldered, i.e., the size (SI, S2) of the land between the 
10 first and second specimens. The size S2 (about 2.04 mm^) of 

the land 17 of the first specimen is about 1.45 times the size 
SI (about 1.41 mm^) of the land 65 of the second specimen. 

The above-described embodiment of the present invention 
15 has the advantages as described below. 

The ratio T2/U2 of the cross-sectional area T2 of the 
thin portion 16 to the hole area U2 of the through hole 14 is 
at least 0.11 and no more than 0.89. This means that a 

20 clearance of a sufficient size is secured between the through 
hole 14 and the thin portion 16 of the connecting terminal 12 
inserted in the through hole 14. Therefore, this clearance 
sufficiently accommodates the difference between the thermal 
expansion of the connecting terminal 12 and that of the wiring 

25 board 13, and consequently the thermal stress applied to the 
solder portion 20 is relaxed. Also, since the size S2 of the 
land 11, which is a portion of the wiring board 13 soldered to 
the connecting terminal 12, is large, the joint portion 
between the connecting terminal 12 and the wiring board 13 has 

30 a high joint strength. Due to a synergistic effect of the 

relaxation of thermal stress caused by the clearance and the 
high joint strength that the joint portion has, a crack is 
very difficult to develop in the solder portion 20 at the time 
of thermal shock. Therefore, the reliability of the solder 

35 portion 20 is very high as compared with the conventional 
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connector . 

In the case where the ratio T2/U2 of the cross-sectional 
area T2 of the thin portion 16 to the hole area U2 of the 
through hole 14 is set at a value at least 0.13 and no more 
than 0.57, the clearance between the through hole 14 and the 
thin portion 16 of the connecting terminal 12 inserted in the 
through hole 14 accommodates the difference between the 
thermal expansion of the connecting terminal 12 and that of 
the wiring board 13 more reliably. Therefore, the reliability 
of the solder portion 20 further increases. 

In the case where the width A8 of the land 17 is set at a 
value at least 0.4 mm and no more than 0.6 mm, the size S2 of 
15 the land 17 is secured sufficiently, so that the joint 

strength of the joint portion between the connecting terminal 
12 and the wiring board 13 increases more reliably. 

The one side surface 16a of the thin portion 16 is flush 
with the one side surface 15a of the corresponding thick 
portion 15. Therefore, the connecting terminal 12 is easy to 
manufacture as compared with a connecting terminal in which 
any of the side surfaces of the thin portion 16 is not flush 
with any of side surfaces of the corresponding thick portion 
15. 

It should be apparent to those skilled in the art that 
the present invention may be embodied in many other specific 
forms without departing from the spirit or scope of the 
30 invention. Particularly, it should be understood that the 
invention may be embodied in the following forms. 

The connector 10 may be what is called a vertical type 
connector. In the vertical type connector, an opening is 
35 formed in the upper surface of the housing 11, and the 
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connecting terminals 12 extend from the lower surface of the 
housing 11. 

The wiring board 13 on which the connector 10 is mounted 
5 may be replaced with a so-called double side board (double- 
side through-hole substrate) . The double side board has the 
land 17 around each of the through holes 14 on the surface of 
the wiring board 13 on the opposite side of the surface facing 
the connector 10, and additionally has a land around each of 
10 the through holes 14 on the surface of the wiring board 13, 
facing the connector 10. 



The thin portion 16 of the connecting terminal 12 may be 
joined to the corresponding land 17 by brazing using a brazing 
15 filler metal such as copper, aluminum, nickel, gold, and 
silver, instead of by soldering. 

The present examples and embodiments are to be considered 
as illustrative and not restrictive, and the invention is not 
20 to be limited to the details given herein, but may be modified 
within the scope and equivalence of the appended claims. 
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